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(54) Control apparatus of engine having turbo supercharger 



(57) An engine having a turbo supercharger is pro- 
vided with a variable wing for changing exhaust gas flow 
area to a turbine, an EGR passage, an EGR valve and 
a controller 40 for controlling the variable wing and EGR 
valve in accordance with working conditions detected by 
a working condition detector 50. The controller 40 
opens the variable wing in the engine working state of 
high rotating speed and high load, while the controller 
closes the variable wing and opens the EGR valve at 
least partially in the working state of deceleration with 
fuel cut. Thus, when the engine having the turbo super- 
charger is decelerated in the state of high rotating 
speed and so on, the supercharging efficiency is effec- 
tively raised by controlling the variable wing and EGR 
valve so that accelerating efficiency is improved by pro- 
moting increase of the supercharging pressure when 
the engine is accelerated again. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001] The present invention relates to a control 
apparatus of an engine having a turbo supercharger, 
which is mounted on an automobile or the like. 

2. Description of the prior art 

[0002] As described, for example, in the Japanese 
laid-open patent publication No. 10-47070, the Japa- 
nese registered utility model publication No. 2573107 
and so on, there has been conventionally known an 
engine having a turbo supercharger, which is provided 
with a variable wing for forming a nozzle capable of 
changing its openness to a turbine of the turbo super- 
charger so that the turbine efficiency can be controlled 
by adjusting the openness of the variable wing in 
accordance with working conditions of the engine so as 
to change an exhaust gas flow area to the turbine. 
[0003] In the engine having the turbo supercharger 
provided with the variable wing described above, gener- 
ally, the control of the variable wing, which responds to 
the working conditions, is performed in such a manner 
that the openness of the variable wing is made smaller 
so as to raise the supercharging efficiency when the 
engine is in the state of lower rotating speed, while the 
openness of the variable wing is made larger when the 
engine is in the state of higher rotating speed in which 
the amount of exhaust gas is larger. However, according 
to the controlling method of the variable wing described 
above, if the openness of the accel is made smaller so 
as to be caused deceleration of the engine in such a 
state that the openness of the variable wing is large in 
the working state of high rotating speed (namely, when 
the engine becomes in the state of deceleration with 
fuel cut so that fuel injection is stopped), the super- 
charging pressure may be largely lowered due to rapid 
decrease of exhaust gas energy fed into the turbine of 
the turbo supercharger. Thus, when the engine is accel- 
erated again in the above-mentioned state, increase of 
the supercharging pressure becomes slow so that the 
acceleration efficiency may be deteriorated. 
[0004] A diesel engine having a turbo supercharger, 
which is mounted on a manual transmission type of 
automobile with a clutch, described in the Japanese 
registered utility model publication No. 2573107, is pro- 
vided with an accel sensor, a clutch sensor and a con- 
troller for controlling a variable wing. In the above- 
mentioned diesel engine, decrease of supercharging 
pressure is restrained by controlling the variable wing in 
such a manner that the openness of the variable wing is 
made smaller when the openness of the accel is zero or 
the transmission gear is changed while releasing the 
clutch. Accordingly, when the accel is operated 



(stamped) after changing the transmission gear, 
increase of the supercharging pressure is promoted so 
that it is intended to reduce smoke and improve 
response during acceleration. Thus, based on the 
5 above-mentioned conventional technique, it may be 
thought of such a technique to make the openness of 
the variable wing smaller also when the engine is decel- 
erated in the state of higher rotating speed. 

[0005] However, even if the engine is decelerated in 

10 the state of low load, the amount of the exhaust gas is 
comparatively large in the state of high rotating speed. 
Therefore, even if the openness of the variable wing is 
merely made smaller, flow of the exhaust gas is unnec- 
essarily restrained so that the exhaust pressure is ele- 

15 vated to excess, thereby improvement of the 
supercharging efficiency is rather prevented. 
[0006] On the other hand, there has been generally 
known an exhaust gas reflux device provided with an 
exhaust gas reflux passage connecting an exhaust pas- 

20 sage to an intake passage and an exhaust gas reflux 
valve for adjusting the amount of the reflux gas, dis- 
posed in the exhaust gas reflux passage. However, in 
the above-mentioned conventional engine having the 
turbo supercharger provided with the variable wing, the 

25 relation between the control of the variable wing and the 
control of the exhaust gas reflux valve during decelera- 
tion has not been sufficiently considered. 

SUMMARY OF THE INVENTION 

30 

[0007] In view of the above-mentioned circum- 
stances, the present invention intends to provide a con- 
trol apparatus of an engine having a turbo 
supercharger, which can effectively raise supercharging 
35 efficiency by controlling both of a variable wing and an 
exhaust gas reflux valve so as to improve accelerating 
efficiency of the engine by promoting increase of super- 
charging pressure when the engine is accelerated 
again. 

40 [0008] According to the present invention, there is 
provided a control apparatus of an engine having a 
turbo supercharger which includes a variable wing dis- 
posed in an exhaust passage, for changing an exhaust 
gas flow area to a turbine of the turbo supercharger, and 

45 an exhaust gas reflux passage for connecting a portion 
of the exhaust passage to an intake passage. The por- 
tion is located at an upstream position relative to the 
variable wing. The exhaust gas reflux passage is pro- 
vided with an exhaust gas reflux valve for adjusting a 

so reflux flow of an exhaust gas therein. The control appa- 
ratus is characterized in that the control apparatus 
includes a working condition detector for detecting 
working conditions of the engine and a controller for 
controlling the variable wing and exhaust gas reflux 

55 valve in accordance with the working conditions 
detected by the working condition detector. Hereupon, 
the controller makes the variable wing move toward a 
more closed state when the engine is decelerated in a 
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loaded working region in which the variable wing is 
opened at least partially. Further, the controller makes 
the exhaust gas reflux valve close under a predeter- 
mined working state in accordance with the working 
conditions in time of said deceleration of the engine. 
[0009] In the above-mentioned apparatus, when the 
engine is decelerated in the loaded working region, the 
supercharging efficiency is raised by making the varia- 
ble wing move toward more closed state and controlling 
the exhaust gas reflux valve in accordance with the 
working conditions. Therefore, falling of the supercharg- 
ing pressure is restrained so that increase of the super- 
charging pressure is hastened when the engine is 
accelerated again. 

[0010] In the apparatus according to the present 
invention, it is preferable that the controller makes the 
variable wing move toward the more closed state, and 
makes the exhaust gas reflux valve move toward a more 
closed state so as to make a supercharging efficiency of 
the turbo supercharger become larger, when the engine 
is decelerated in a low rotation region in which a rotating 
speed of the engine is lower than or equal to a predeter- 
mined rotating speed. 

[0011] If so, the operation to restrain felling of the 
supercharging pressure is raised by closing the variable 
wing and the exhaust gas reflux valve, when the engine 
is decelerated in the predetermined state from the low 
rotation region to the middle rotation region. Further, 
because the exhaust gas quantity in the low or middle 
rotation region is smaller than that in the high rotation 
region, the exhaust pressure does not become higher to 
excess when the exhaust gas reflux valve is closed. 
[0012] Further, the control apparatus may be con- 
structed as follows. That is, the engine includes an 
intake pressure sensor for detecting a pressure of an 
intake air. The controller performs a feedback control of 
the variable wing in such a manner that an actual super- 
charging pressure detected by the intake pressure sen- 
sor follows a target supercharging pressure, which is set 
in accordance with a required load, in a loaded working 
region before the engine is decelerated. Then, the con- 
troller stops the feedback control of the variable wing 
when the engine is decelerated in said state that the 
feedback control is being performed. After that, the con- 
troller re-starts the feedback control of the variable wing 
when the engine is accelerated again in said state that 
the feedback control is being stopped, in accordance 
with an increase of the target supercharging pressure 
after said acceleration is started. For example, the con- 
troller re-starts the feedback control of the variable wing 
at a timing that the actual supercharging pressure 
becomes lower than the target supercharging pressure 
when the engine is accelerated again in said state that 
the feedback control is being stopped. 
[0013] In this case, when the engine is accelerated 
again after the deceleration, the feedback control is 
stopped not so as to lower the actual supercharging 
pressure in correspondence with the target supercharg- 



ing pressure when the target supercharging pressure is 
lower than the actual supercharging pressure. Then, if 
the target supercharging pressure rises up to the actual 
supercharging pressure, the feedback control is re- 
5 started so that the actual supercharging pressure fol- 
lows the target supercharging pressure. 

[0014] In the control apparatus, it is preferable that 
the controller performs a feedback control of the 
exhaust gas reflux valve in such a manner that an air 

w fuel ratio follows a target air fuel ratio in a loaded work- 
ing region before the engine is decelerated, stops the 
feedback control of the exhaust gas reflux valve when 
the engine is decelerated in the state that the feedback 
control is being performed, and re-starts the feedback 

15 control of the exhaust gas reflux valve when the engine 
is accelerated again in the state that the feedback con- 
trol is being stopped, in accordance with an increase of 
a fuel injection quantity. 

[001 5] If so, when the engine is decelerated and the 
20 fuel injection quantity is smaller, the feedback control is 
stopped so that there may be maintained a condition 
which is advantageous for restraining fall of the super- 
charging pressure. Thus, when the fuel injection quan- 
tity increases, the feedback control of the exhaust gas 
25 reflux valve is re-started in order to prevent deterioration 
of the emission efficiency. Because, the fall of the super- 
charging pressure is not caused even if the exhaust gas 
is released to the exhaust gas reflux passage a little in 
correspondence with increase of energy of the exhaust 
30 gas. 

[0016] Hereupon, the controller may re-starts the 
feedback control of the variable wing when the engine is 
accelerated again within a predetermined time from a 
timing that the engine is judged to be decelerated. If so, 

35 the operation to restrain the fall of the supercharging 
pressure during the deceleration process may effec- 
tively contribute increase of the supercharging pressure 
when the engine is accelerated again. 
[0017] Moreover, in the control apparatus, it is pref- 

40 erable that the engine includes an intake pressure sen- 
sor for detecting a pressure of an intake air. Thus, it is 
preferable that the controller performs a feedback con- 
trol of the variable wing in such a manner that an actual 
supercharging pressure detected by the intake pressure 

45 sensor follows a target supercharging pressure which is 
set in accordance with a required load, in a loaded 
working region, and further performs the feedback con- 
trol of the variable wing when the engine is decelerated 
in the loaded working region. Hereupon, the feedback 

so control of the variable wing performed when the engine 
is decelerated, is performed in such a manner that a 
change of the target supercharging pressure has a first 
order lag to a change of the requested load. 
[0018] In this case, even if the target supercharging 

55 pressure rapidly falls when the engine is decelerated, 
the calculated values of the first order lag decrease 
slowly. Therefore, the variable wing is actuated toward 
the more closed state by the feedback control such that 
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the actual supercharging pressure follows the calcu- 
lated values of the first order lag, thereby the fall of the 
supercharging pressure is restrained. 

[0019] In the control apparatus, it is preferable that 
the controller performs the feedback control of the vari- 5 
able wing, in which the change of the target supercharg- 
ing pressure has the first order lag to the change of the 
requested load, when the engine is decelerated in a fuel 
cut state. If so, the stability of the engine is raised by 
continuing the feedback control while making the target io 
supercharging pressure even during the fuel cut proc- 
ess which does not have direct relation with the emis- 
sion efficiency. 

[0020] Moreover, in the control apparatus, it is pref- 
erable that it is constructed as follows. That is, the 15 
engine includes a throttle valve disposed at a down- 
stream position relative to a compressor of the turbo 
supercharger in an intake passage and an intake pres- 
sure sensor for detecting a pressure of an intake air at a 
downstream position relative to the throttle valve. Here- 20 
upon, the controller performs a feedback control of the 
variable wing in such a manner that an actual super- 
charging pressure detected by the intake pressure sen- 
sor follows a target supercharging pressure which is set 
in accordance with a required load, in a loaded working 25 
region. The controller also performs the feedback con- 
trol of the variable wing when the engine is decelerated 
in the loaded working region. Further, the controller 
makes the throttle valve move toward a more closed 
state in the state that the engine is decelerated. 30 
[0021] If so, when the engine is decelerated, the 
intake air pressure at the downstream position relative 
to the throttle valve rapidly falls. Thus, the variable wing 
is actuated to move toward the more closed state by 
performing the feedback control of the throttle valve in 35 
accordance with the deviation between the above-men- 
tioned pressure and the target supercharging pressure, 
thereby the fall of the supercharging pressure is 
restrained. 

[0022] Further, in the control apparatus, it is prefer- 40 
able that it is constructed as follows. That is, the control- 
ler opens the variable wing when the engine is working 
in a region of high rotating speed and high load. Further, 
the controller closes the variable wing and opens the 
exhaust gas reflux valve at least partially when the 45 
engine is working in a region of high rotating speed and 
deceleration. 

[0023] In this apparatus, because rapid decrease of 
working quantity of the turbo supercharger is restrained 
during the deceleration process in the high rotation 50 
region, the supercharging efficiency is advantageously 
improved when the engine is accelerated again. That is, 
in the higher load region within the high rotation region, 
the variable wing is opened. Thus, when the engine is 
decelerated in the above-mentioned state, the super- 55 
charging pressure rapidly falls due to decrease of the 
working quantity of the supercharger if the variable wing 
is being opened, because energy of the exhaust gas 
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decreases. However, in the present apparatus, by clos- 
ing the variable wing, the supercharging efficiency is 
raised so that rapid fall of the supercharging pressure is 
restrained. In this case, the flow rate of the exhaust gas 
is comparatively larger in the high rotating region even if 
the engine is decelerated. However, because a part of 
the exhaust gas is released to the exhaust gas reflux 
passage by opening the exhaust gas reflux valve at 
least partially, the exhaust pressure is prevented from 
rising to excess so that the supercharging pressure is 
effectively raised. Further, because the supercharging 
efficiency is raised during the deceleration process so 
that fall of the supercharging pressure is restrained as 
described above, the supercharging pressure is rapidly 
raised when the engine is accelerated again directly 
after the deceleration. 

[0024] In the control apparatus, it is preferable that 
the controller wholly opens the exhaust gas reflux valve, 
when the engine is working in a region of high rotating 
speed and deceleration with fuel cut, and temperature 
of the engine is higher than a predetermined value. That 
is, when the engine is working in the high rotation region 
and the temperature of the engine is high, the tempera- 
ture of each of the exhaust gas reflux passage and the 
portion of the intake passage, to which the exhaust gas 
reflux passage is connected, is also high because the 
exhaust gas of high temperature is refluxed. In the cir- 
cumstances, when the engine enters the fuel cut decel- 
eration region, the above-mentioned operation to cool 
the exhaust gas reflux passage and so on is raised by 
wholly opening the exhaust gas reflux valve. Therefore, 
when the engine is accelerated again, the temperature 
of the intake air is lowered so that sufficient operation to 
raise the charging efficiency may be achieved. 
[0025] In the control apparatus, if the exhaust gas 
reflux passage is provided with a reflux gas cooler for 
cooling a reflux gas which passes through the passage, 
the reflux gas cooler is cooled when the exhaust gas 
reflux valve is opened during the fuel cut deceleration 
process. Accordingly, the cooling function of the reflux 
gas cooler may be advantageously recovered. 
[0026] Hereupon, it is preferable that the engine 
includes a throttle valve disposed at a downstream posi- 
tion relative to a compressor of the turbo supercharger 
in an intake passage, the exhaust gas reflux passage 
being connected to the intake passage at a downstream 
position relative to the throttle valve. Further, it is prefer- 
able that the controller performs a control of the throttle 
valve in such a manner that the throttle valve opens in a 
working region of high rotating speed and deceleration 
with fuel cut, in addition to the control of the variable 
wing and exhaust gas reflux valve. If so, the supercharg- 
ing condition and the re-acceleration performance dur- 
ing the fuel cut deceleration process may be improved. 
That is, if the throttle valve is actuated to move toward 
more closed state on occasion demands when the 
exhaust gas reflux is performed in the regions other 
than the fuel cut region, the valve promotes the exhaust 
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gas reflux. However, when the variable wing is control- 
led so as to raise the supercharging efficiency by clos- 
ing itself in the fuel cut deceleration region, the throttle 
valve may prevent the supercharging operation or 
cause surging by raising the pressure between the com- 5 
pressor of the turbo supercharger and the throttle valve. 
In order to prevent the above-mentioned matter, the 
throttle valve is opened. 

[0027] In the control apparatus, it is preferable that 
the controller controls the exhaust gas reflux valve in 10 
such a manner that the lower the rotating speed of the 
engine is, the smaller an openness of the exhaust gas 
reflux valve is, in a region of deceleration with fuel cut 
from a low rotating state to a high rotating state. That is, 
because the smaller the engine rotating speed 15 
becomes, the smaller the flow rate of the gas flowing 
from the engine to the exhaust passage becomes, the 
supercharging efficiency may be raised by lowering the 
quantity of the gas released to the exhaust passage in 
accordance with the rotating speed. 20 
[0028] In the control apparatus, if the controller 
makes the exhaust gas reflux valve close when the 
engine is accelerated again, smoke is reduced and the 
acceleration performance is improved advantageously 
due to increase of fresh air. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The present invention will become more fully 
understood from the detailed description given below 30 
and the accompanied drawings, wherein: 

Fig. 1 is a rough schematic view showing an engine 
having a turbo supercharger provided with a control 
apparatus according to the present invention, as an 35 
embodiment; 

Figs. 2A and 2B are schematic views, each of which 
shows a construction of a portion near a variable 
wing in VGT of the supercharger, as an example; 
Fig. 3 is a block diagram showing a concrete con- 40 
struction of a control unit of the engine; 
Fig. 4 is a view explaining divided working regions 
for the control in accordance with working condi- 
tions; 

Fig. 5 is a flowchart showing an example of the con- 45 
trol of VGT etc. during deceleration process; 
Fig. 6 is a flowchart showing another example of 
the control of VGT etc. during deceleration process; 
Fig. 7 is a flowchart showing a further example of 
the control of VGT etc. during deceleration process; so 
Fig. 8 is a time chart showing time-dependent 
changes of supercharging pressure and amount of 
intake air when the engine is accelerated again 
after deceleration process; 

Fig. 9 is a flowchart showing a further example of 55 
the control of VGT etc. during deceleration process; 
Fig. 10 is a flowchart showing a further example of 
the control of VGT etc. during deceleration process; 



8 
and 

Fig 1 1 is a flowchart showing an example of the 
feedback control of openness of VGT. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Fig. 1 shows an engine having a turbo 
supercharger provided with a control apparatus accord- 
ing to the present invention, as an embodiment. The 
engine shown in the figure is a diesel engine. Each of an 
intake passage 2 and an exhaust passage 3 is con- 
nected to a main body 1 of the engine. Further, the 
engine is provided with the turbo supercharger 5 having 
a compressor 6 disposed in the intake passage 2, a tur- 
bine 7 disposed in the exhaust passage 3, for driving 
the compressor 6 using energy of exhaust gas, and a 
variable wing 8 described later. Moreover, the engine is 
provided with an EGR device (exhaust gas reflux 
device) having an EGR passage (exhaust gas reflux 
passage) 1 1 connecting (communicating) the exhaust 
passage 3 to the intake passage 2 and an EGR valve 
(exhaust gas reflux valve) 12 disposed in the EGR pas- 
sage 11. 

[0031] Further, the construction of each of portions 
of the engine will be concretely described. Each of cyl- 
inders 14 of the main body 1 of the engine is provided 
with a fuel injector 15 with plural nozzles, for injecting 
fuel into a combustion chamber. The fuel inlet portion of 
each of the fuel injectors 15 is connected to a common 
rail (common pipe) 17 through a distribution passage 
16. Further, the common rail 17 is connected to a fuel 
injection pump 18, in consequence, the fuel fed to the 
common rail 17 by the fuel injection pump 18 is pressu- 
rized therein and then transported to each of the fuel 
injector 15. Each of the fuel injectors 15 has such a con- 
struction that it can control fuel injecting time and fuel 
injecting timing in accordance with control signals. The 
fuel outlet portion of each of the fuel injectors 15 is con- 
nected to a fuel return passage 19. 
[0032] In the intake passage 2, there are disposed, 
by turns from the upstream to the downstream, an air 
flow sensor (detector for detecting amount of intake air 
flow) 21 , the compressor 6 of the turbo supercharger 5, 
an inter cooler 22, a throttle valve 23, a surge tank 24 to 
which an intake pressure sensor (intake air pressure 
detector) 25 is provided. 

[0033] The throttle valve 23, which throttles the 
intake passage 2 for the purpose of promoting introduc- 
tion of EGR in a specific working state and so on, is 
actuated by an actuator 23a which is driven by negative 
pressure. The actuator 23a is connected to a vacuum 
pump 27 through a solenoid valve 26A. Thus, when the 
solenoid valve 26A is controlled by duty, the mutual ratio 
of the negative pressure and the atmospheric pressure, 
each of which is introduced into the actuator 23a, is 
adjusted, thereby the openness of the throttle valve 23 
is controlled. 
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[0034] Further, in the exhaust passage 3, there are 
disposed the turbine 7 of the turbo supercharger 5 and 
a catalytic converter 28. 

[0035] As shown in Figs. 2A and 2B, the turbo 
supercharger 5 is composed of a VGT (variable geome- s 
try turbo) having many variable wings 8 which form noz- 
zles around the turbine 7. That is, the turbo 
supercharger 5 (Hereinafter, it will be referred to "VGT 
5".) can change the openness of each of the variable 
wings 8, namely the opening area of the nozzle w 
(exhaust gas flow area to the turbine) within the range 
from the wholly closed state (minimum flow area) shown 
in Fig. 2A to the wholly opened state (maximum flow 
area) shown in Fig 2B, thereby the turbine efficiency is 
controlled. 15 
[0036] As shown in Fig. 1 , the variable wings 8 are 
actuated by an actuator 8a which is driven by negative 
pressure. The actuator 8a is connected to the vacuum 
pump 27 through a solenoid valve 26B. Thus, when the 
solenoid valve 26B is controlled by duty, the mutual ratio 20 
of the negative pressure and the atmospheric pressure, 
each of which is introduced into the actuator 8a, is 
adjusted, thereby the openness of the variable wings 8 
of the VGT 5 is controlled. 

[0037] Meanwhile, one end portion of the EGR pas- 25 
sage 1 1 is connected to a portion of the exhaust pas- 
sage 3 at an upstream position relative to the turbine 7, 
for example to the portion where exhaust manifolds are 
aggregated, while the other end portion is connected to 
a portion of the intake passage 2 at a downstream posi- 30 
tion relative to the throttle valve 23, for example to the 
surge tank 24 or an upstream portion thereof. In the 
EGR passage 11, there are disposed an EGR cooler 
(exhaust reflux gas cooler) 29 and the EGR valve 12. 
The EGR cooler 29, which cools the exhaust reflux gas 35 
passing through the EGR passage 1 1 , is composed of a 
water-cooled type cooler, for example, to which cooling 
water of the engine is introduced. 
[0038] The EGR valve 12 is connected to the vac- 
uum pump 27 through a solenoid valve 26C which can 40 
be controlled by duty. Thus, when the solenoid valve 
26C is controlled by duty, the mutual ratio of the nega- 
tive pressure and the atmospheric pressure, each of 
which is introduced into the negative pressure chamber 
of the EGR valve 12, is adjusted, thereby the openness 45 
of the EGR valve 12 is controlled. 
[0039] Control signals are outputted from a control 
unit (ECU) 30 to the fuel injector 15 and each of the 
solenoid valves 26A, 26B and 26C. To the ECU 30, 
there are inputted signals which are outputted from the 50 
air flow sensor 21, the intake pressure sensor 25, an 
accel sensor 31 for detecting the openness of an accel, 
a crank angle sensor 32 for detecting the crank angle of 
the engine, a common rail pressure sensor 33 for 
detecting the pressure of fuel in the common rail 1 7, a 55 
water temperature sensor 34 for detecting the tempera- 
ture of cooling water of the engine and so on. 
[0040] Thus, the fuel injection quantity and fuel 



injection timing of the fuel injector 15 are controlled in 
accordance with the control signals outputted from the 
ECU 30 to the fuel injector 15. Further, the throttle valve 
23, the variable wings 8 of the VGT 5 and the EGR valve 
12 are controlled in accordance with the control signals 
(duty signals) outputted from the ECU 30 to the solenoid 
valves 26A, 26B and 26C, respectively. 
[0041] As shown in Fig. 3, the ECU 30 is provided 
with a fuel injection quantity controller 35 for controlling 
the fuel injection quantity of the fuel injector 15, a com- 
mon rail pressure controller 36 for controlling the pres- 
sure of the fuel in the common rail 17, a working 
condition detector 50, and a combined controller 40 for 
controlling the variable wings 8 of the VGT 5, the EGR 
valve 12 and the throttle valve 23 in accordance with 
working conditions detected by the working condition 
detector 50. 

[0042] The fuel injection quantity controller 35 
reads target torque Trqsol of the engine from a map 37 
which has been previously set, on the basis of the accel 
openness Accel detected by the accel openness sensor 
31, and the engine rotating speed Ne detected by an 
engine rotating speed detector 51 by means of meas- 
urement of the period (cycle) of the crank angle signals 
and so on. Further, the controller 35 also reads target 
fuel injection quantity Fsol from a three dimensional 
map 38 which has been previously set, on the basis of 
the target torque Trqsol, the engine rotating speed Ne 
and an actual fresh air quantity FAir detected by the air 
flow sensor 21 . Thus, the controller 35 controls the fuel 
injection quantity by adjusting the time in which the fuel 
injector 15 is being magnetically excited (magnetized), 
on the basis of the target fuel injection quantity Fsol and 
the fuel pressure CRP in the common rail 17 detected 
by the common rail pressure sensor 21 . 
[0043] The common rail pressure controller 36 
reads target common rail pressure CRPsol from a map 
39 which has been previously set, on the basis of the 
target torque Trsol and the engine rotating speed Ne. 
Thus, the controller 36 controls a not-shown fuel pres- 
sure adjuster provided in the fuel system, on the basis 
of the target common rail pressure CRPsol and the 
detected fuel pressure CRP. 

[0044] Further, the combined controller 40 includes 
an EGR controller 41 , a VGT controller 42 and a throttle 
valve controller 43. 

[0045] The EGR controller 41 performs feed back 
control to the EGR valve 12 in such a manner that the 
air fuel ratio follows the target air fuel ratio A/Fsol when 
the engine is steadily working at least in the state of par- 
tial load. That is, when the feedback control is per- 
formed, the target air fuel ratio A/Fsol is read from a 
map 44 which has been previously set on the basis of 
the target torque Trqsol and the engine rotating speed 
Ne. Further, by a target fresh air quantity calculator 45, 
there is calculated target fresh air quantity FAsol for the 
fresh air drawn into the combustion chamber of the main 
body 1 of the engine, on the basis of the target air fuel 
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ratio A/Fsol and the target fuel injection quantity Fsol. 
Then, the calculated value of the target fresh air quan- 
tity FAsol and the actual fresh air quantity FAir detected 
by the air flow sensor 21 are inputted to the EGR con- 
troller 41 . 

[0046] Thus, the EGR controller 41 outputs control 
signals (duty signals), which correspond to the deviation 
between the target fresh air quantity FAsol and the 
actual fresh air quantity FAir, to the solenoid valve 26C 
for actuating the EGR valve 12, thereby controls the 
openness of the EGR valve 12 by means of feedback 
control so as to diminish the deviation. Hereinafter, the 
above-mentioned control will be referred to "air flow 
feedback control". 

[0047] The VGT controller 42 performs feedback 
control to the variable wings 8 of the VGT 5 in such a 
manner that the supercharging pressure follows the tar- 
get supercharging pressure when the engine is steadily 
working at least in the state of partial load. That is, the 
target supercharging pressure Bstsol is read from a 
map 46 which has been previously set on the basis of 
the target torque Trqsol and the engine rotating speed 
Ne. Further, the target supercharging pressure Bstsol 
and the actual supercharging pressure Bst detected by 
the intake pressure sensor 24 are inputted to the VGT 
controller 42. Thus, the VGT controller 42 outputs con- 
trol signals (duty signals), which correspond to the devi- 
ation between the actual supercharging pressure Bst 
and the target supercharging pressure Bstsol, to the 
solenoid valve 26B for actuating the VGT 5, thereby 
controls the openness of the variable wings 8 by means 
of feedback control so as to diminish the deviation. 
Hereinafter, the above-mentioned control will be 
referred to "supercharging pressure feedback control". 
[0048] In the present embodiment, the EGR con- 
troller 41 and the VGT controller 42 perform the airflow 
feedback control and the supercharging pressure feed- 
back control in accordance with the working conditions 
detected by the working condition detector 50 when the 
engine is working in the partially loaded region B shown 
in Fig. 4. On the other hand, the controllers 41 and 42 
perform open loop control in accordance with the work- 
ing conditions when the engine is working in the idle 
region A, the highly loaded region C and the decelera- 
tion region (the region of deceleration with fuel cut) D. 
[0049] That is, the working condition detector 50 
detects the working conditions on the basis of the value 
corresponding to the load of the engine (target torque 
Trqsol, openness of the accel Accel or target fuel injec- 
tion quantity Fsol) and the engine rotating speed Ne. In 
order to perform the control on the basis of detecting the 
working conditions, the working region of the engine 
has been previously divided into the idle region A, the 
partially loaded region B, the highly loaded region C and 
the fuel cut deceleration region D, as shown in Fig. 4 
[0050] In the idle region A, the variable wings 8 of 
the VGT 5 are wholly closed, while the EGR valve 12 is 
wholly opened. Meanwhile, in the highly loaded region 
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C, the EGR valve 12 is closed in order to prevent 
decrease of output power of the engine due to the EGR. 
Further, in the highly loaded region C, as the control of 
the VGT 5, the variable wings 8 are wholly closed in the 

5 region C1 of low rotating speed in order to raise the 
supercharging efficiency, while they are wholly opened 
in the region C3 of high rotating speed, in which the flow 
rate of exhaust gas is larger, in order to prevent surging. 
Moreover, the openness of the variable wings 8 made 

10 larger in accordance with increase of the rotating speed 
of the engine in the region C2 of middle rotating speed. 
[0051] The fuel cut deceleration region D is a spec- 
ified region, which exists in a higher rotating area rela- 
tive to a predetermined value, including the accel closed 

15 area and a low loaded area near the accel closed area, 
within the deceleration region which exists in a lower 
loaded area relative to the no-load line (dashed line in 
Fig. 4). In the region D, in which feeding of the fuel is 
stopped, the variable wings 8 of the VGT 5 are closed, 

20 while the EGR valve 12 is opened at least partially. In 
the present embodiment, as described in the flowchart 
shown in Fig. 5 described later, the openness of the 
EGR valve 12 is changed in accordance with the engine 
rotating speed and the engine temperature detected by 

25 the water temperature sensor 34 when the engine is 
working in the fuel cut deceleration region D. 
[0052] Hereupon, the throttle valve controller 43 
controls the throttle valve 23 in accordance with the 
working conditions, for example, in such a manner that 

30 it makes the throttle valve 23 move toward more closed 
state in the working region in which the EGR is fed, 
while making the throttle valve 23 open in the fuel cut 
deceleration region. 

[0053] Hereinafter, an example of the control by the 
35 combined controller 40 will be described with reference 
to the flowchart shown in Fig. 5. 
[0054] When the process according to the flowchart 
starts, at first in Step S1 , there are read engine rotating 
speed Ne, accel openness Accel, fuel injection quantity, 
40 engine temperature (temperature of the cooling water of 
the engine), supercharging pressure (intake air pres- 
sure) Bst, output values of the air flow sensor 21 and so 
on. Next, it is judged whether the engine is working in 
the deceleration state or not in Step S2. If the engine is 
45 working in the deceleration state, it is further judged 
whether the engine is working in the fuel cut decelera- 
tion region D or not in Step S3. 

[0055] If the engine is working in the fuel cut decel- 
eration region D, it is judged whether the engine is work- 

50 ing in the high rotation region within the fuel cut 
deceleration region D or not in Step S4. If the judgement 
is YES, it is judged whether the engine is in the high 
temperature state that the engine temperature is higher 
than a predetermined value or not in Step S5. 

55 [0056] If the engine is working in the high rotation 
region within the fuel cut deceleration region D and is in 
the high temperature state, the variable wings 8 of the 
VGT 5 are wholly closed, while both of the EGR valve 
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12 and the throttle valve 23 are wholly opened in Steps 
S6 to S8. If the engine is working in the low or middle 
rotation region within the fuel cut deceleration region D 
or the engine temperature is lower than the above-men- 
tioned predetermined value, the variable wings 8 of the 5 
VGT 5 are wholly closed, while the EGR valve 12 is par- 
tially opened and the throttle valve 23 is wholly opened 
in Steps S9 toS11. 

[0057] Hereupon, in the regions other than the fuel 
cut deceleration region D, the VGT 5, EGR valve 1 2 and 10 
throttle valve 23 are controlled in accordance with the 
working conditions and so on. For example, as 
described above, in the partial load region B, the airflow 
feedback control and supercharging pressure feedback 
control are performed, and further the throttle valve 23 15 
is made move toward more closed state as occasion 
demands. In the idle region A, the EGR valve 12 is 
opened, while the variable wings 8 of the VGT 5 are 
closed, and further the throttle valve 23 is made move 
toward more closed state as occasion demands. In the 20 
high load region C, the EGR valve 12 is closed, while 
the throttle valve 23 is opened, and further the variable 
wings 8 of the VGT 5 are closed in the lower rotating 
state and opened in the higher rotating state. 
[0058] According to the above-mentioned appara- 25 
tus of the present embodiment, the exhaust pressure is 
prevented from being raised to excess so that surging 
may be prevented, because in the high rotation and high 
load region, in order to advantageously improve the out- 
put power, the EGR valve 12 is closed so that the EGR 30 
is stopped, and each of the throttle valve 23 and the var- 
iable wings 8 of the VGT 5 is opened. Further, in the 
high rotation and high load region, in which energy of 
the exhaust gas is larger, high supercharging efficiency 
may be achieved in the state that the variable wings 8 35 
are opened. Meanwhile, in the partial load region, in 
order to adequately adjust the EGR quantity and the 
fresh air quantity so as to achieve air fuel ratio capable 
of reducing NOx and smoke, the openness of the EGR 
valve 12 is controlled by means of the air flow feedback 40 
control. Further, the openness of the variable wings 8 of 
the VGT 5 is controlled by means of the supercharging 
pressure feedback control so as to achieve adequate 
supercharging pressure. 

[0059] When deceleration operation is performed in 45 
the high rotation and high load region C or partial load 
region B described above, energy of the exhaust gas is 
reduced due to decrease of load, particularly is rapidly 
reduced due to stop of fuel feeding if the working state 
of the engine goes into the fuel cut deceleration region 50 
D. However, in this case, decrease of the supercharging 
pressure is restrained by closing the variable wings 8 of 
the VGT 5. That is, the variable wings 8 are generally 
opened in the high rotation region according to the con- 
ventional control method of the VGT 5. On the other 55 
hand, according to the apparatus of the present embod- 
iment, the variable wings 8 are closed in the fuel cut 
region D within the high rotation region so that the 



supercharging efficiency is raised. In consequence, 
deterioration of the supercharging operation due to 
decrease of energy of the exhaust gas is restrained so 
that the decrease of the supercharging pressure 
becomes slow. 

[0060] Meanwhile, when the engine is working in 
the fuel cut region, the EGR valve 12 is at least partially 
opened, thereby the exhaust pressure is adjusted not so 
as to raise to excess in the state that the variable wings 
8 of the VGT 5 are closed. Namely, because the quan- 
tity of the gas (air), which is exhausted from the engine 
to the exhaust passage, is comparatively larger in the 
high rotation region even if it is within the fuel cut region, 
the exhaust pressure tends to increase easily due to 
closing of the variable wings 8 of the VGT 5. However, 
because a part of the gas which flows in the exhaust 
passage is released to the EGR passage 1 1 by opening 
the EGR valve 12, the exhaust pressure is prevented 
from increasing to excess. Hereupon, the gas, which 
flows from the main body 1 of the engine to the exhaust 
passage 3 during the fuel cut process, is fresh air. 
Therefore, when the fresh air is refluxed to the intake 
passage 2 through the EGR passage 1 1 , there may be 
achieved such an operation that the EGR passage 1 1 , 
the EGR cooler 29 disposed in the passage 11, the 
surge tank 24 in the intake system and so on are cooled 
thereby. 

[0061] When the engine is accelerated again by 
performing acceleration operation (accel stamping) in 
the fuel cut deceleration region D, the accelerating 
responsibility may be raised while restraining to produce 
smoke by controlling the variable wings 8 of the VGT 5 
and the EGR valve 12 in the manner described above 
during the fuel cut deceleration process. That is, 
because decrease of the supercharging pressure is 
restrained by closing the variable wings 8 of the VGT 5 
during the fuel cut deceleration process, the super- 
charging pressure is rapidly raised when the engine is 
accelerated again. Further, because the EGR system 
and the air intake system are cooled by making the 
EGR valve 12 open during the fuel cut deceleration 
process, the temperature of the intake air is lowered so 
that the density of the intake air is increased when the 
engine is accelerated again. Due to the above-men- 
tioned operations, the charging efficiency of fresh air is 
raised when the engine is accelerated again. In conse- 
quence, the fuel injection quantity can be increased 
while restraining to produce smoke, thereby the acceler- 
ation efficiency is raised. 

[0062] Particularly, in the example shown in Fig. 5, 
the exhaust pressure, the cooling operation and so on 
may be adequately adjusted by controlling the EGR 
valve 12 in accordance with the engine rotating speed 
and the engine temperature while wholly closing the 
variable wings 8 of the VGT 5 in the fuel cut deceleration 
region. That is, when the engine is working in the high 
rotation region within the fuel cut region and in high tem- 
perature state, the exhaust pressure tends to easily rise 



8 



15 

and further the density of intake air (charging efficiency) 
tends to fall due to rising of the temperature of intake air 
when the engine is accelerated again. Therefore, the 
operation to restrain rising of the exhaust pressure and 
the operation to cool the EGR system and the intake air 5 
system are raised by wholly opening the EGR valve 12. 
Meanwhile, when the engine is working in the low or 
middle rotation region within the fuel cut deceleration 
region or in the state of lower temperature even if it is in 
the high rotation region, the gas released from the 10 
exhaust passage 3 to the EGR passage 11 is 
decreased in comparison with that in the state of lower 
engine temperature in the high rotation region within the 
fuel cut deceleration region by partially opening the 
EGR valve 12, thereby the operation to restrain the fall- 15 
ing of the supercharging pressure is raised. 

[0063] Meanwhile, by wholly opening the throttle 
valve 23 in the fuel cut deceleration region, it may be 
prevented such a matter that the throttle valve 23 pre- 
vents the supercharging operation, or the intake pres- 20 
sure between the compressor 6 of the turbo 
supercharger 5 and the throttle valve 23 rises to excess 
so as to cause surging. 

[0064] Hereupon, although in the control when the 
engine is accelerated again, the variable wings 8 of the 25 
VGT 5, the EGR valve 12 and the throttle valve 23 may 
be controlled in accordance with the working conditions 
after acceleration, it may be preferable to wholly close 
the EGR valve 12 and to wholly open the throttle valve 
23, in order to improve the acceleration efficiency and to 30 
reduce smoke by increasing fresh air quantity. 
[0065] Fig. 6 shows a flowchart of another example 
of the control by means of the combined controller 40. In 
the flowchart, the operation to input various signals in 
Step S21 , the operation to judge whether the engine is 35 
decelerating or not in Step S22 and the operation to 
judge whether the engine is working in the fuel cut 
deceleration region or not when it is decelerating in Step 
S23, are as same as those in Steps S1 to S3 shown in 
Fig. 5. 40 
[0066] If the engine is working in the fuel cut decel- 
eration region D, it is judged whether the supercharging 
efficiency is maximum or not in Step S24. The super- 
charging efficiency is obtained from a map which has 
been previously set, for example, in accordance with the 45 
intake air pressure and the intake air quantity. 
[0067] If the supercharging efficiency is not maxi- 
mum, the variable wings 8 of the VGT 5 and the EGR 
valve 12 are controlled so as to move toward more 
closed states, respectively. That is, for example, if the so 
engine is decelerated in the state that the variable wings 
8 of the VGT 5 and the EGR valve 1 2 are being opened 
to some degree in the partial load region by means of 
feedback control, the supercharging efficiency is raised 
by controlling the variable wings 8 of the VGT 5 and the ss 
EGR valve 12 so as to move toward more closed states, 
respectively. Hereupon, when the working conditions 
are rapidly changed from the high load region, in which 
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the EGR valve 12 is closed, to the fuel cut deceleration 
region or the similar case, the openness of the variable 
wings 8 of the VGT 5 and the openness of the EGR 
valve 12 may be set to predetermined initial values at 
first, and then they may be gradually moved toward 
more closed states. 

[0068] If it is judged that the supercharging effi- 
ciency is maximum in Step S24, the openness of the 
variable wings 8 of the VGT 5 and the openness of the 
EGR valve 12 are maintained (held). 
[0069] Hereupon, in the regions other than the fuel 
cut deceleration region D, the variable wings 8 of the 
VGT 5, the EGR valve 12 and so on are controlled in 
accordance with the working conditions in Step S29. 
For example, it is examined that the working condition 
belongs to which region in the partial load region B, the 
high load region C and the idle region A shown in Fig. 4, 
and then control corresponding to the examination 
result is performed. 

[0070] Hereupon, although the control of the throttle 
valve 23 is not shown in Fig. 6, it is wholly opened in the 
fuel cut deceleration region, while it is moved to more 
closed state as occasion demands when the EGR is 
performed in the other regions, as same as the example 
shown in Fig. 5. 

[0071] According to the above-mentioned control 
process of the present embodiment, when the working 
condition of the engine enters the fuel cut deceleration 
region, the openness of the variable wings 8 of the VGT 
5 and the openness of the EGR valve 12 are controlled 
in such a manner that the supercharging efficiency 
becomes maximum. Accordingly, if energy of the 
exhaust gas is rapidly reduced due to the fuel cut decel- 
eration operation, falling of supercharging pressure may 
be restrained such that it becomes smaller as possible 
as it can. Therefore, when the engine is accelerated 
again in the fuel cut deceleration region, the super- 
charging pressure may be rapidly raised. In conse- 
quence, the fuel injection quantity is increased while 
restraining to produce smoke by increasing fresh air, 
thereby the acceleration efficiency may be raised. 
[0072] Hereupon, in each of the examples shown in 
Figs. 5 and 6, the control in which the variable wings 8 
of the VGT 5 is closed and the EGR valve 12 is opened 
at least partially, or the control in which the variable 
wings 8 of the VGT 5 and the EGR valve 12 are moved 
toward more closed states till the supercharging pres- 
sure becomes maximum, is performed in the fuel cut 
deceleration region D. However, the above-mentioned 
control may be performed in the deceleration region 
other than the fuel cut deceleration region D. That is, 
when the engine is decelerated in the loaded region in 
which the variable wings 8 of the VGT 5 are opened at 
least partially, energy of the exhaust gas tends to 
decrease rapidly due to falling of the load (decrease of 
fuel injection quantity) even if it is decelerated in the fuel 
fed state (deceleration in the regions other than the fuel 
cut deceleration region, or deceleration in the engine in 
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which fuel cut is not performed). However, falling of the 
supercharging pressure is restrained by controlling the 
variable wings 8 and the EGR valve 12 so as to raise the 
supercharging efficiency in the above-mentioned decel- 
eration states, thereby increasing of the supercharging 5 
pressure is hastened when the engine is accelerated 
again directly after the deceleration. 

[0073] Moreover, when the engine is decelerated in 
the range from the low rotation region, in which the 
engine rotating speed is lower than or equal to a prede- 10 
termined value, to the middle rotation region, it may be 
performed such a control that the variable wings 8 of the 
VGT 5 are actuated toward the closed state and the 
EGR valve 12 is closed because the exhaust gas quan- 
tity is smaller than that in the high rotation region. 15 
[0074] An example of the above-mentioned control 
will be described with reference to the flowchart shown 
in Fig. 7. 

[0075] When the operation described in the flow- 
chart starts, at first in Step S31, there are read signals 20 
such as engine rotating speed Ne, accel openness 
Accel, fuel injection quantity and so on. Following that, 
in Step S32, it is judged whether the engine rotating 
speed Ne is in the range from the low rotation region, in 
which the engine rotating speed is lower than a prede- 25 
termined rotating speed, to the middle rotation region or 
not. If the engine rotating speed Ne is lower than the 
predetermined rotating speed, it is further judged 
whether the engine is working in the deceleration state 
or not, for example, by examining the accel openness 30 
Accel or the degree of decrease of the target torque, in 
Step S33. 

[0076] If it is judged that the engine is working in the 
deceleration state within the region in which the engine 
rotating speed Ne is lower than the predetermined rotat- 35 
ing speed, the feedback control is stopped and the EGR 
valve 12 is closed in Step S34 even if the air flow feed- 
back control of the EGR valve 12 has been performed 
till the time point. Further, even if the supercharging 
feedback control has been performed till the time point, 40 
the feedback control is stopped and the variable wings 8 
of the VGT 5 are actuated to move toward the closed 
state in Step S35. 

[0077] Following that, in Step S36, it is judged 
whether it is within a predetermined period from the 45 
time point of the judgement of deceleration or not. if the 
judgement is YES, it is further judged whether the fuel 
injection quantity is larger than or equal to a predeter- 
mined value or not in Step S37. If the judgement in Step 
S37 is NO, namely if it is within the predetermined so 
period from the judgement of deceleration and it is 
maintained the deceleration state in which the fuel injec- 
tion quantity is smaller than the predetermined value, 
the operation is returned to Step S35, and the opera- 
tions of Steps S35 to S37 are repeated, thereby both of 55 
the EGR valve 12 and the variable wings 8 of the VGT 5 
are maintained in the closed states. 
[0078] If the judgement in Step S37 is YES, the 
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feedback control of the EGR valve 12 is re-started in 
Step S38, and further it is judged whether the actual 
supercharging pressure Bst is larger than the target 
supercharging pressure Bstsol or not in Step S39. If the 
judgement in Step S39 is YES, namely if it is within the 
predetermined period from the judgement of decelera- 
tion and it is maintained the state in which the fuel injec- 
tion quantity is larger than or equal to the predetermined 
value and the actual supercharging pressure Bst is 
higher than the target supercharging pressure Bstsol, 
the operation is returned to Step S35, and the opera- 
tions of Steps S35 to S39 are repeated, thereby the var- 
iable wings 8 of the VGT 5 are maintained in the closed 
states while re-starting the feedback control of the EGR 
valve 12. 

[0079] When the engine is accelerated again within 
the predetermined period from the judgement of decel- 
eration or in the similar case, the target supercharging 
pressure becomes higher than the actual supercharging 
pressure so that the judgement in Step S39 becomes 
NO. In this case, the supercharging pressure feedback 
control of the VGT 5 is re-started in Step S40. 
[0080] Meanwhile, if the predetermined period has 
passed from the judgement of deceleration so that the 
judgement in Step S36 becomes NO, the feedback con- 
trol of the EGR valve 12 and the supercharging pres- 
sure feedback control of the VGT 5 are re-started in 
Steps S41 and S42, respectively. 
[0081] Hereupon, when it is judged that the engine 
rotating speed is larger than or equal to the set rotating 
speed in Step S32, or when it is judged that the engine 
is working in the state other than the deceleration region 
in Step S33, the operation is moved to Step S43 so that 
the VGT 5, the EGR valve 1 2 and so on are controlled in 
accordance with the working condition. For example, if 
the engine is working in the partial load region B (see 
Fig. 4), the air flow feedback control of the EGR valve 12 
and the supercharging pressure feedback control of the 
VGT 5 are performed. 

[0082] According to the control process of the 
present embodiment, when the engine is decelerated in 
the state, in which the VGT 5 and the EGR valve 12 are 
controlled by the feedback control respectively, in the 
partial load region within the low or middle rotation 
region, the variable wings 8 of the VGT 5 are actuated 
to move toward the closed states and the EGR valve 12 
is closed. Accordingly, the operation to restrain fall of 
the supercharging pressure during the deceleration 
process is much more improved. Therefore, when the 
engine is accelerated again (accel is stamped) within 
the predetermined period from the time point that the 
working state of the engine has once become the decel- 
eration state (accel is released) in the low or middle 
rotation region, for example, in time of gear change 
process, the acceleration responsibility may be highly 
improved. 

[0083] Hereinafter, the above-mentioned effects will 
be concretely described with reference to Fig. 8. Fig. 8 



EP 1 004 760 A2 



10 



19 

shows changes of the supercharging pressure and the 
intake air quantity in the case that after the engine is 
decelerated at the time point of t1, the engine is accel- 
erated again at the time point t2, which is later than the 
time point t1 for the predetermined period. In the figure, 5 
there are shown changes of the supercharging pressure 
Bst1 and the intake air quantity FA1 drawn by dashed 
lines as the first example for reference. Hereupon, each 
of the VGT 5 and the EGR valve 12 is controlled by the 
feedback control during the deceleration process, too. 10 
According to the first example for reference, it may be 
understood that increase of each of the supercharging 
pressure and the intake air quantity is delayed when the 
engine is accelerated again. Because, each of the 
supercharging pressure Bst1 and the intake air quantity 15 
FA1 is highly lowered during the deceleration process. 
Meanwhile, in the figure, there are also shown changes 
of the supercharging pressure Bst2 and the intake air 
quantity FA2 drawn by broken lines as the second 
example for reference, in which the variable wings 8 of 2 o 
the VGT 5 are closed during the deceleration process. 
According to the second example for reference, it may 
be understood that fall of the supercharging pressure 
during the deceleration process is restrained to some 
degree in comparison with that of the first example for 2 s 
reference. In consequence, increase of each of the 
supercharging pressure and the intake air quantity is 
hastened when the engine is accelerated again. 
[0084] In the figure, there are shown changes of the 
supercharging pressure Bst3 and the intake air quantity 30 
FA3 drawn by solid lines as the embodiment, in which 
the variable wings 8 of the VGT 5 and the EGR valve 1 2 
are closed during the deceleration process. According 
to the above-mentioned control method, the super- 
charging efficiency may be raised by closing the varia- 35 
ble wings 8 when the engine is decelerated. Further, the 
operation to restrain decrease of the supercharging 
pressure and the intake air quantity during the deceler- 
ation process is raised in comparison with the second 
example for reference, by closing the EGR valve 12 so 40 
as to teed the exhaust gas to the turbine 7 through the 
variable wings 8 without releasing the exhaust gas to 
the EGR passage 1 1 . Therefore, increase of the super- 
charging pressure is hastened when the engine is 
accelerated again, thereby increase of the intake air is 45 
highly promoted in the early stage of the acceleration 
process (period between t2 and t3). 
[0085] Thus, in the low or middle rotation region, as 
compared with the high rotation region, the quantity of 
the exhaust gas is smaller, and further the energy of the so 
exhaust gas decreases due to decrease of the fuel 
injection quantity during the deceleration process even 
if the fuel is fed. Therefore, if the variable wings 8 of the 
VGT 5 and the EGR valve 12 are closed together, the 
exhaust pressure is prevented from rising to excess so 55 
that the supercharging efficiency is effectively raised. 
[0086] Meanwhile, if the actual supercharging pres- 
sure is higher than the target supercharging pressure by 
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the time point that the predetermined tine passes from 
the time point of deceleration judgement, the variable 
wings 8 of the VGT 5 are held in the closed states so 
that fall of the supercharging pressure is restrained. 
Then, if the target supercharging pressure is raised to 
become up to the actual supercharging pressure when 
the engine is accelerated again, the feedback control of 
the VGT 5 is re-started, thereby the actual supercharg- 
ing pressure is controlled so as to follow the target 
supercharging pressure during the acceleration proc- 
ess. 

[0087] A further example of the control by means of 
the combined controller 40 will be described with refer- 
ence to the flowchart shown in Fig. 9. In the flowchart, 
the operation to input various signals in Step S51, the 
operation to judge whether the engine rotating speed is 
lower than the predetermined rotating speed or not in 
Step S52 and the operation to judge whether the engine 
is decelerated or not in Step S53 when the engine rotat- 
ing speed is lower than the predetermined rotating 
speed, are as same as those in Steps S31 to S33 
shown in Fig. 7. 

[0088] If it is judged that the engine is working in the 
deceleration state within the region in which the engine 
rotating speed Ne is lower than the predetermined rotat- 
ing speed, the feedback control is stopped and the EGR 
valve 12 is closed in Step S54 even if the air flow feed- 
back control of the EGR valve 12 has been performed 
till the time point. Further, the control of the VGT 5 is 
performed in the same manner as described in Steps 
S55 to S57. That is, the first order lag of the target 
supercharging pressure is calculated in Step S55. Fur- 
ther, in order to perform the feedback control so as to 
diminish the deviation between the calculated values of 
the first order lag of the target supercharging pressure 
and the actual supercharging pressure, the control duty 
of the VGT control is calculated in accordance with the 
deviation in Step S56. Then, the control duty is output to 
the solenoid valve 26B for actuating the VGT 5 in Step 
S57. 

[0089] Following that, in Step S58, it is judged 
whether the fuel injection quantity is larger than or equal 
to the predetermined value or not. If the judgement in 
Step S58 is NO, namely if the engine is working in the 
continuously decelerated state in which the fuel injec- 
tion quantity is smaller than the predetermined value, 
the operation is returned to Step S 54. Then the opera- 
tions of Steps S54 to S58 are repeated. 
[0090] If the judgement in Step S58 is YES, the cal- 
culation of the first order lag is stopped in Step S59. 
Then, the control of the VGT 5 is returned to the general 
feedback control, while the feedback control of the EGR 
12 is re-started in Step S60. 

[0091] Hereupon, when it is judged that the engine 
rotating speed is larger than or equal to the predeter- 
mined rotating speed in Step S52, or when it is judged 
that the engine is working in the state other than the 
deceleration region in Step S53, the VGT 5 and the 
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EGR valve 12 are controlled in accordance with the 
working condition. For example, if the engine is working 
in the partial load region B (see Fig. 4), the feedback 
control of each of the EGR valve 12 and the VGT 5 is 
performed. In this case, the read target supercharging 5 
pressure is used in the present state without calculating 
the first order lag in the supercharging pressure feed- 
back control of the VGT 5 as described in Steps S61 
and S62. 

[0092] According to the control process of the 10 
present embodiment, when the engine is decelerated in 
the state, in which the VGT 5 and the EGR valve 12 are 
controlled by the feedback control respectively, in the 
partial load region within the low or middle rotation 
region, the EGR valve 12 is closed, and further the feed- 15 
back control of the VGT 5 is performed in accordance 
with the deviation between the calculated values of the 
first order lag of the target supercharging pressure and 
the actual supercharging pressure. Thus, in the above- 
mentioned control, the openness of the variable wings 8 20 
of the VGT 5 becomes smaller in comparison with the 
feedback control performed in accordance with the devi- 
ation between the target supercharging pressure and 
the actual supercharging pressure. 

[0093] That is, because the fuel injection quantity is 25 
reduced during the deceleration process so that the 
energy of the exhaust gas is lowered, the actual super- 
charging pressure is lowered. Further, the target super- 
charging pressure rapidly falls in accordance with 
decrease of the target torque. Hereupon, because the 30 
fall of the target supercharging pressure is larger than 
the fall of the actual supercharging pressure, the open- 
ness of the variable wings 8 of the VGT 5 becomes 
larger if the feedback control is performed in accord- 
ance with the deviation between the target supercharg- 35 
ing pressure and the actual supercharging pressure. 
However, because the calculated values of the first 
order lag of the target supercharging pressure changes 
slowly in the present control process, the openness of 
the variable wings 8 of the VGT 5 becomes smaller if the 40 
feedback control is performed in accordance with the 
deviation between the above mentioned values and the 
actual supercharging pressure. Therefore, in the control 
process according to the present embodiment also, the 
variable wings 8 of the VGT 5 are actuated to move 45 
toward the closed state during the deceleration process. 
Further, by closing the EGR valve 12, the fall of the 
supercharging pressure during the deceleration proc- 
ess is sufficiently restrained so that the supercharging 
pressure and the intake air quantity are promoted to 50 
increase when the engine is accelerated again. 
[0094] Hereupon, the VGT control during the decel- 
eration process, in which the supercharging pressure 
feedback control is performed while calculating the first 
order lag of the target supercharging pressure as 55 
described above, may be more effective if it is per- 
formed in the fuel cut deceleration state. That is, 
because the control during the fuel cut process, in which 



the combustion gas is not discharged, does not have 
direct relation with the emission efficiency, the emission 
efficiency may be out of the question even if the super- 
charging pressure feedback control is performed while 
making the target supercharging pressure even. Fur- 
ther, by making the target supercharging pressure even 
to restrain the fell of the supercharging pressure as 
described above, the stability and re-acceleration per- 
formance of the engine may be raised when the engine 
is returned to the fuel fed state. 

[0095] A much further example of the control by 
means of the combined controller 40 will be described 
with reference to the flowchart shown in Fig. 10. In the 
flowchart, the operation to input various signals in Step 
S71 , the operation to judge whether the engine rotating 
speed is lower than the predetermined rotating speed or 
not in Step S72 and the operation to judge whether the 
engine is decelerated or not in Step S73 when the 
engine rotating speed is lower than the predetermined 
rotating speed, are as same as those in Steps S31 to 
S33 shown in Fig. 7. 

[0096] If it is judged that the engine is working in the 
deceleration state within the region in which the engine 
rotating speed Ne is lower than the predetermined rotat- 
ing speed, the feedback control is stopped arid the EGR 
valve 12 is closed in Step S74 even if the air flow feed- 
back control of the EGR valve 12 has been performed 
till the present time point. Further, the throttle valve 23 is 
closed in Step S75. Meanwhile, the supercharging pres- 
sure feedback control of the VGT 5 is continued in Step 
S76. 

[0097] Following that, in Step S77, it is judged 
whether the fuel injection quantity is larger than or equal 
to the predetermined value or not. If the judgement in 
Step S77 is NO, namely if the engine is working in the 
continuously decelerated state in which the fuel injec- 
tion quantity is smaller than the predetermined value, 
the operation is returned to Step S74. Then, the opera- 
tions of Steps S74 to S76 are repeated. 
[0098] If the judgement in Step S77 is YES, the 
throttle valve 23 is opened in Step S 78, and then the 
feedback control of the EGR valve 12 is re-started in 
Step S79. 

[0099] Hereupon, when it is judged that the engine 
rotating speed is larger than or equal to the predeter- 
mined rotating speed in Step S72, or when it is judged 
that the engine is working in the state other than the 
deceleration region in Step S73, the VGT 5 and the 
EGR valve 12 are controlled in accordance with the 
working condition. For example, if the engine is working 
in the partial load region B (see Fig. 4), the feedback 
control of each of the EGR valve 12 and the VGT 5 is 
performed. 

[0100] According to the control process of the 
present embodiment, when the engine is decelerated in 
the state, in which the VGT 5 and the EGR valve 12 are 
controlled by the feedback control respectively, in the 
partial load region within the low or middle rotation 
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region, the air flow feedback control is stopped so that 
the EGR valve 12 and the throttle valve 23 are closed. 
Thus, in the supercharging pressure feedback control of 
the VGT 5 described above, the openness of the varia- 
ble wings 8 of the VGT 5 becomes smaller in compari- 5 
son with the supercharging pressure feedback control of 
the VGT 5 performed in the state that the throttle valve 
23 is opened. 

[0101] That is, as described above, when the 
engine is decelerated, the target supercharging pres- 10 
sure and the actual supercharging pressure fall 
together. Hereupon, if the supercharging pressure feed- 
back control is performed in the state that the throttle 
valve 23 is opened, the openness of the variable wings 
8 of the VGT 5 becomes larger because the target 15 
supercharging pressure becomes lower than the actual 
supercharging pressure. However, in the control proc- 
ess of the present embodiment, the pressure in the 
intake passage 2 at the downstream position relative to 
the throttle valve 23 is rapidly lowered in the state that 20 
the throttle valve 23 and the EGR valve 12 are closed 
together. In consequence, in the control process of the 
present embodiment, the openness of the variable 
wings 8 of the VGT 5 can be made smaller, by using the 
air pressure at the downstream position relative to the 25 
throttle valve 23 in the above-mentioned state as the 
actual supercharging pressure and performing the 
supercharging pressure feedback control on the basis 
of the air pressure and the target supercharging pres- 
sure. 30 
[0102] Therefore, in the control process according 
to the present embodiment also, the variable wings 8 of 
the VGT 5 are actuated to move toward the closed state 
during the deceleration process. Further, by closing the 
EGR valve 12, the fall of the supercharging pressure 35 
during the deceleration process is sufficiently restrained 
so that the supercharging pressure and the intake air 
quantity are promoted to increase when the engine is 
accelerated again. 

[0103] Because the constructions of the controllers 40 
or the like in the apparatus according to the present 
invention need not restricted to those of the embodi- 
ments described above, various modifications or varia- 
tions may be achieved. Hereinafter, some modifications 
or variations will be described. 45 

(1) In the embodiments shown in Fig. 3 and so on, 
the supercharging pressure feedback control for 
controlling the openness of the variable wings 8 of 
the VGT 5, which is control by the VGT controller 42 so 
in the partial load region B, is performed in accord- 
ance with the deviation between the target super- 
charging pressure and the actual supercharging 
pressure. Instead of those, the feedback control for 
controlling the openness of the VGT 5 shown in Fig. 55 
11 

That is, in the present example, the apparatus 
is provided with a VGT openness sensor (detector 



for detecting the openness of the variable wings) 
which outputs signals corresponding to the open- 
ness of the variable wings 8 of the VGT 5. Thus, 
according to the control process, in Step S91, vari- 
ous signals including the signals from the VGT 
openness sensor are input to the controller. In Step 

592, the actual VGT openness (openness of the 
variable wings) is detected in accordance with the 
signals from the VGT openness sensor. In Step 

593, the target VGT openness corresponding to the 
working condition is calculated. Then, in Step S94, 
the deviation between the actual VGT openness 
and the target VGT openness is calculated. Further, 
in Step S95, the PID values (proportional control 
value, integral control value and differential control 
value) are calculated in accordance with the devia- 
tion. Moreover, in Step S96, the feedback control is 
performed by means of PID control process. 

In this example, the target VGT openness is set 
in accordance with the working condition in the par- 
tial load region B. Then, the feedback control is per- 
formed in such a manner that the actual VGT 
openness follows the target VGT openness. Thus, if 
the working condition of the engine enters the fuel 
cut region from the state controlled as described 
above, the supercharging efficiency is raised by 
closing wholly or opening to a little degree the vari- 
able wings 8 of the VGT 5. 

(2) In the example shown in Fig. 5, the EGR valve 
12 is partially opened when the engine is working in 
the low or middle rotation region within the fuel cut 
deceleration region. However, when the engine is 
working in the low rotation region within the fuel cut 
region, in which the gas flow rate in the exhaust 
passage is particularly smaller, the EGR valve 12 
may be closed wholly. 

(3) In the example shown in Fig. 5, the variable 
wings 8 of the VGT 5 are closed wholly when the 
engine is working in the fuel cut deceleration 
region. However, when the engine is working in the 
high rotation region within the fuel cut region, in 
which the gas flow rate in the exhaust passage is 
larger, the variable wings 8 may be opened to a pre- 
determined little degree of openness in order to 
adjust the exhaust pressure adequately. 

(4) In the example shown in Fig. 5, the throttle valve 
23 is opened wholly when the engine is working in 
the fuel cut deceleration region. However, even if 
the throttle valve 23 is actuated to move toward the 
closed state to some degree in the gradually decel- 
erating state in which the engine is decelerated 
gradually, there is not caused a disadvantage such 
as deterioration of the re-acceleration performance, 
occurrence of surging or the like. Hereupon, if the 
throttle valve is actuated to move toward the closed 
state to some degree, the gas may be advanta- 
geously introduced from the EGR passage 11 to 
the intake passage 2. 
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(5) In the example shown in Fig. 6, both of the vari- 
able wings 8 of the VGT 5 and the EGR valve 12 are 
controlled so as to raise the supercharging effi- 
ciency in the fuel cut deceleration region. However, 

it is possible that only the EGR valve 12 is control- 5 
led so as to raise the supercharging efficiency while 
holding the variable wings 8 of the VGT 5 in a con- 
stant openness, for example closing it wholly. In this 
case, the supercharging efficiency may be raised 
by decreasing the openness of the EGR valve 1 2 in 10 
correspondence with the decrease of the engine 
rotating speed in the fuel cut deceleration region. 

(6) In each of the examples shown in Figs. 7, 9 and 
10, the variable wings 8 of the VGT 5 is actuated to 
move toward the closed state and the EGR valve 1 2 15 
is closed, when the engine is decelerated in the 
region in which the engine rotating speed is lower 
than or equal to the predetermined rotating speed. 
However, the above-mentioned control may be per- 
formed only when the engine is decelerated in the 20 
fuel fed region. Thus, when the engine is deceler- 
ated in the fuel cut region, the variable wings 8 of 

the VGT 5 may be actuated to move toward the 
closed state, while opening partially or closing 
wholly the EGR valve 12. 25 

If so, when the engine is decelerated in the fuel 
cut region, the fall of the supercharging pressure 
may be restrained by closing the variable wings of 
the VGT 5. Further, fresh air, which does not con- 
tain combustion gas, is refluxed from the exhaust 30 
passage to the air intake system through the EGR 
passage 11 by opening the EGR valve 12, as 
described above. In consequence, the density of 
the fresh air is raised due to cooling operation of the 
reflux so that the acceleration performance may be 35 
raised due to the combined operations thereof. 
Hereupon, when the engine is decelerated in the 
fuel fed region, the above-mentioned effect to raise 
the density of the intake air, which is achieved by 
the cooling operation in the fuel cut region when the ao 
engine is accelerated again, cannot be achieved, 
even if the EGR valve 12 is opened. However, the 
operation to restrain the fall of the supercharging 
pressure may be raised by closing the EGR valve 
12 so as to feed wholly the exhaust gas to the VGT 45 
5 without releasing it to the EGR passage. 
(7) In addition to the control in the decelerating 
state within the low or middle rotation region, 
according to each of the examples shown in Figs. 7, 
9 and 10, there may be performed such control that so 
the variable wings 8 of the VGT 5 is actuated to 
move toward the closed states while opening the 
EGR valve 12, when the engine is decelerated in 
the high rotation region. 

55 

[0104] As described above, the engine having the 
turbo supercharger according to the present invention is 
provided with variable wings for changing the exhaust 



gas flow area to the turbine, the exhaust gas reflux pas- 
sage and the exhaust gas reflux valve. Thus, in the 
engine, when the working condition enters the deceler- 
ation region such as the fuel cut deceleration region, the 
supercharging efficiency is raised by controlling the var- 
iable wings and the exhaust gas reflux valve. Therefore, 
the rapid fell of the supercharging pressure is restrained 
during the deceleration process, thereby the increase of 
the supercharging pressure is hastened when the 
engine is accelerated again so that the acceleration per- 
formance may be improved. 

[0105] Particularly, if the variable wings are closed 
and the exhaust gas reflux valve is opened at least par- 
tially when the engine is working in the deceleration 
region within the high rotation region, the exhaust pres- 
sure is prevented from rising to excess when the varia- 
ble wings are actuated to move toward the closed state. 
Because, the excess gas in the exhaust passage is 
released to the exhaust gas reflux passage. Therefore, 
the control for improving the re-acceleration perform- 
ance may be effectively performed. 
[0106] Further, if the throttle valve is disposed in the 
intake passage at the upstream position relative to the 
connecting point to the exhaust gas reflux passage, the 
supercharging efficiency is raised so that the re-acceler- 
ation performance is effectively improved by controlling 
the variable wings and opening the throttle valve in the 
deceleration process. 

[0107] Moreover, when the engine is decelerated in 
the low or middle rotation region, the exhaust gas is fed 
to the turbine of the turbo supercharger through the var- 
iable wings without releasing it to the exhaust gas reflux 
passage, by actuating the variable wings to the more 
closed state and closing the exhaust gas reflux valve. 
Thus, the fall of the supercharging pressure during the 
deceleration process is effectively restrained by closing 
the variable wings so as to raise the supercharging effi- 
ciency. 

[0108] Although the present invention has been 
described in relation to particular embodiments thereof, 
many other variations and modifications will become 
apparent to those skilled in the art. It is preferred, there- 
fore, that the present invention be limited not by the spe- 
cific disclosure herein, but only by the appended claims. 

Claims 

1- A control apparatus of an engine (1 ) having a turbo 
supercharger (5) which includes a variable wing (8) 
disposed in an exhaust passage (3), for changing 
an exhaust gas flow area to a turbine (7) of the 
turbo supercharger (5), and an exhaust gas reflux 
passage (11) for connecting a portion of the 
exhaust passage (3) to an intake passage (2), the 
portion being located at an upstream position rela- 
tive to the variable wing (8), and the exhaust gas 
reflux passage (11) being provided with an exhaust 
gas reflux valve (12) for adjusting a reflux flow of an 
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exhaust gas therein, characterized in that the con- 
trol apparatus comprises: 

a working condition detector for detecting a 
working condition of the engine (1 ); and 5 
a controller (30) for controlling the variable wing 
(8) and exhaust gas reflux valve (12) in accord- 
ance with the working condition detected by the 
working condition detector , wherein 
the controller (30) makes the variable wing (8) 10 
move toward a more closed state when the 
engine (1) is decelerated in a loaded working 
region in which the variable wing (8) is opened 
at least partially, and makes the exhaust gas 
reflux valve (12) close under a predetermined 15 
working state in accordance with the working 
condition in time of said deceleration of the 
engine (1). 

The control apparatus according to claim 1 , charac- 20 
terized in that when the engine (1) is decelerated in 
a low rotation region in which a rotating speed of 
the engine (1) is lower than or equal to a predeter- 
mined rotating speed, the controller (30) makes the 
variable wing (8) move toward the more closed 25 
state, and makes the exhaust gas reflux valve (12) 
move toward a more closed state so as to make a 
supercharging efficiency of the turbo supercharger 
(5) become larger. 

30 

The control apparatus according to claim 1 , charac- 
terized in that the engine (1) includes an intake 
pressure sensor (25) for detecting a pressure of an 
intake air, and 

35 

the controller (30) performs a feedback control 
of the variable wing (8) in such a manner that 
an actual supercharging pressure detected by 
the intake pressure sensor (25) follows a target 
supercharging pressure, which is set in accord- 40 
ance with a required load, in a loaded working 
state before the engine (1) is decelerated, 
stops the feedback control of the variable wing 
(8) when the engine (1) is decelerated in said 
state that the feedback control is being per- 45 
formed, and re-starts the feedback control of 
the variable wing (8) when the engine (1) is 
accelerated again in said state that the feed- 
back control is being stopped, in accordance 
with an increase of the target supercharging so 
pressure after said acceleration is started. 

The control apparatus according to claim 3, charac- 
terized in that the controller (30) re-starts the feed- 
back control of the variable wing (8) at a timing that 55 
the actual supercharging pressure becomes lower 
than the target supercharging pressure when the 
engine (1 ) is accelerated again in said state that the 



feedback control is being stopped. 

5. The control apparatus according to claim 1 , charac- 
terized in that the controller (30) performs a feed- 
back control of the exhaust gas reflux valve (12) in 
such a manner that an air fuel ratio follows a target 
air fuel ratio in a loaded working state before the 
engine (1) is decelerated, stops the feedback con- 
trol of the exhaust gas reflux valve (12) when the 
engine (1) is decelerated in said state that the feed- 
back control is being performed, and re-starts the 
feedback control off the exhaust gas reflux valve 
(12) when the engine (1) is accelerated again in 
said state that the feedback control is being 
stopped; in accordance with an increase of a fuel 
injection quantity. 

6. The control apparatus according to claim 3, charac- 
terized in that the controller (30) re-starts the feed- 
back control of the variable wing (8) when the 
engine (1) is accelerated again within a predeter- 
mined time from a timing that the engine (1) is 
judged to be decelerated. 

7. The control apparatus according to claim 1 , charac- 
terized in that the engine (1) includes an intake 
pressure sensor (25) for detecting a pressure of an 
intake air, and 

the controller (30) performs a feedback control 
of the variable wing (8) in such a manner that 
an actual supercharging pressure detected by 
the intake pressure sensor (25) follows a target 
supercharging pressure which is set in accord- 
ance with a required load, in a loaded working 
region, and also performs the feedback control 
of the variable wing (8) when the engine (1 ) is 
decelerated in said loaded working region, the 
feedback control of the variable wing (8) per- 
formed when the engine (1) is decelerated, 
being performed in such a manner that a 
change of the target supercharging pressure 
has a first order lag to a change of the 
requested load. 

8. The control apparatus according to claim 7, charac- 
terized in that the controller (30) performs the feed- 
back control of the variable wing (8), in which the 
change of the target supercharging pressure has 
the first order lag to the change of the requested 
load, when the engine (1) is decelerated in a fuel 
cut state. 

9. The control apparatus according to claim 1 , charac- 
terized in that the engine (1) includes a throttle 
valve (23) disposed at a downstream position rela- 
tive to a compressor (6) of the turbo supercharger 
(5) in an intake passage (2) and an intake pressure 
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sensor (25) for detecting a pressure of an intake air 
at a downstream position relative to the throttle 
valve (23), and 

the controller (30) performs a feedback control 
of the variable wing (8) in such a manner that 
an actual supercharging pressure detected by 
the intake pressure sensor (25) follows a target 
supercharging pressure which is set in accord- 
ance with a required load, in a loaded working 
region, also performs the feedback control of 
the variable wing (8) when the engine (1) is 
decelerated in said loaded working region, and 
makes the throttle valve (23) move toward a 
more closed state in said state that the engine 
(1) is decelerated. 

10. The control apparatus according to claim. 1, char- 
acterized in that the controller (30) opens the varia- 
ble wing (8) when the engine (1) is working in a 
region of high rotating speed and high load, while 
the controller (30) closes the variable wing (8) and 
opens the exhaust gas reflux valve (12) at least par- 
tially when the engine (1) is working in a region of 
high rotating speed and deceleration. 

11. The control apparatus according to claim 10, char- 
acterized in that the controller (30) wholly opens the 
exhaust gas reflux valve (12), when the engine (1) 
is working in a region of high rotating speed and 
deceleration with fuel cut, and temperature of the 
engine (1) is higher than a predetermined value. 

12. The control apparatus according to claim 10, char- 
acterized in that the exhaust gas reflax passage 
(11) is provided with a reflux gas cooler (29) for 
cooling a reflux gas which passes through the pas- 
sage (11). 

13. The control apparatus according to claim 10, char- 
acterized in that the engine (1) includes a throttle 
valve (23) disposed at a downstream position rela- 
tive to a compressor (6) of the turbo supercharger 
(5) in an intake passage (2), the exhaust gas reflux 
passage (11) being connected to the intake pas- 
sage (2) at a downstream position relative to the 
throttle valve (23), and 

the controller (30) performs a control of the 
throttle valve (23) in such a manner that the 
throttle valve (23) opens in a working region of 
high rotating speed and deceleration with fuel 
cut, in addition to said control of the variable 
wing (8) and exhaust gas reflux valve (12). 

14. The control apparatus according to claim 10, char- 
acterized in that the controller (30) controls the 
exhaust gas reflux valve (12) in such a manner that 



the lower the rotating speed of the engine (1 ) is, the 
smaller an openness of the exhaust gas reflux valve 
(12) is, in a region of deceleration with fuel cut from 
a low rotating state to a high rotating state. 

15. The control apparatus according to claim 10, char- 
acterized in that the controller (30) makes the 
exhaust gas reflux valve (1 2) close when the engine 
(1) is accelerated again. 
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